2 attention to daily variable usage cost and charging time instead of acquisition costs. All these suggest the necessity for the government to adjust the current supporting policy in order to cultivate the electric vehicle market effectively.
Introduction
The transport sector is the main source of growing air pollution and greenhouse gas emissions. Greening the transport is widely considered as an effective means of addressing such environmental issues. In the context, electric vehicle (EV) is part of an integrated package of such a greening strategy, and will play an increasing role.
Indeed, EV has an unparalleled advantage in energy efficiency. Its energy efficiency is 3 times that of the traditional internal combustion vehicle and 2 times that of the plug-in vehicle [12] . Meanwhile, calculated in the current power and oil price, the EV fuel cost is much lower than that of internal combustion vehicle [11] . However, the development of electric vehicle is still hindered by various factors. On the one hand, owing to the high battery cost, the acquisition and O&M costs of electric vehicle are higher than that of the internal combustion vehicle. On the other hand, compared to internal combustion vehicle, electric vehicle still suffers some technical defects.
Nowadays the on-going EV demonstration projects in China are mainly concentrated in the public transport and utilities sectors. However, little research has paid attention to the demand side of electric vehicles. The factors influencing consumers' demand for green transport remain still unclear.
Meanwhile, due to the significant social benefits from EV promotion and application, it is essential for the government to compensate and encourage both the manufacturers and consumers via payment transfer, thus providing a sustainable public supply that has a nature of positive externality. Theoretically, the key issue lies on the consumers' acceptance and preference to green products and the valuation of environmental risk premium, which is directly related to the allocation of government subsidies, the tax structure adjustment and the regulation on traditional internal combustion vehicles.
There have been growing studies on the demand preference of transport mode. In particular, since the 1990s, a large variety of policy needs targeted at 4 the governance of externalities in the transport sector have made this research area much more active. Design of the congestion tax system, construction of the rapid transportation system, amendment of the fuel-economy standards and development of the alternative energy vehicles are all calling for the micro study about demand preference of transport mode. Based on the behavioral experiments and discrete choice models, the stated preference analysis is the widely-used theoretical approach, especially for the measurement of environmental value which can be progressed without the existence of a realistic trading market.
For example, at the beginning of the 1990s, scholars have conducted a series of studies on consumers' choices of alternative energy and clean fuel vehicles in California, U.S. (Bunch et al. [7] , Golob et al. [9] , Nesbitt and Sperling [17] , Brownstone et al. [4] [5], Martin [15] ). Stated preference survey combined with a variety of discrete choice models is widely adopted in these studies. Layton [8] bridged random coefficient models with the preference survey and brought the willingness to pay (WTP) analysis into environmental issues. Adamowicz et al. [2] combine two types of preference methods together to value environmental amenities. And then a question lies ahead is what kinds of positive feedbacks would the consumers give back to in terms of the stimulus plans?
Since this century, as the perspective of scaled up EV application is becoming more evident, some studies on demand-side behavior were undertaken for Canada (Potoglou & Kanaroglou [21] ), the United Kingdom (Mourato et al. [16] , O'Garra et al. [18] [19], Lane & Potter [13] ), Germany (Adamson [3] ) and Netherlands (Mabit & Fosgerau [14] ). Differing from California, regional environmental problems in these countries are not that severe. The reforming pressure of the transport sector in these countries comes mainly from the need for low carbon transformation. Based on the collected samples, such studies analyzed the relationships among consumers' Existing studies have suggested that, no matter whether it is based on independent selection experiment or contingent valuation method, consumers' demand preference for new energy vehicles is closely related to regional, population and time characteristics. Therefore, there is great need to carry out more specific experimental studies in places that are at different development stages, have various transportation modes and have diversifying population characteristics. Such studies aim to find out the influential characteristics of the EV demand, investigate whether and to what extent preferential policies to promote the development of new energy vehicles, such as acquisition subsidy, gasoline tax and congestion fee reduction, electricity price subsidy and reserved parking lots, are effective, and examine whether the conclusions from the stated preference experiment of other regions can be applied directly.
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To that end, this paper examines how the different characteristics of both electric vehicles and the consumers would influence consumers' preference, as well as the incentive policy effect in Shanghai 1 . In Section 2, we discuss the orthogonal experimental method in our survey and the nested-logit model. In the aforementioned studies for industrialized countries, none of them has taken the charging mode into consideration. In fact, such factor not only has a bearing on charging time and convenience, but also is directly linked to acquisition costs and daily usage cost. In our study, we have taken the factor into consideration, and have addressed the complication of additional choice branch and valuation level. In Section 3, we detail unique survey designs and data collections. Section 4 provides statistic analysis of the results. The paper ends with some concluding remarks and policy implications.
Methodology

Experimental Design
In this paper, we focus on consumers' demand characteristics of three EV modes: fast charging, battery swapping and slow charging. On the basis of the stated preference experiment, we set two categories involving "gasoline 1 Shanghai is the center of economy, finance, shipping and trade in China, which has a high rising tendency in motorization. From 2000 to 2009, the number of civilian vehicles in Shanghai increased by 280%, resulting in a rapid rise in transport energy demand from 11.6% to 19.1% of the total energy consumption during the period. Among the 22 megacities in Asia, Shanghai tops the list for energy consumption per unit of GDP and CO 2 emission per capita, making Shanghai become a typical high-carbon city (Asian Green City Index, 2011). Meanwhile, car emissions such as NO x , PM, and O 3 have become the major pollution problems in Shanghai. Shanghai is now the demonstration city of low-carbon and new energy vehicle subsidy. During the WORLD EXPO 2010, more than 1300 new energy vehicles were put into operation, which is to date the largest pilot program of new energy vehicles. Moreover, there has been an increasing awareness for new energy vehicles. All the features mentioned above make Shanghai an ideal city to do the large-scale survey. Compared with the final questionnaire, the preliminary one includes "noise pollution" and "personal consumption psychology". The personal consumption psychology is to investigate in which stage the consumers tend to buy the product in the promotion stage. The main electric vehicle market promotion stages include 3 states: the starter stage, the development stage and the mature stage. But the preliminary results show that respondents are not sensitive to these two variables, so we dropped them out from the final questionnaire.
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Given four types of vehicles and seven variables with each assigned three levels,, we can get 2187 combination sets in total. However, it would be very costly but unnecessary if all the possible sets are fulfilled in a large scale survey. Therefore, we adopted the orthogonal experimental method as the basic designing method in our survey. Thus, an orthogonal table is built generally for an experimental design and statistical analysis. The method could give consideration to the advantages of both the full-scale testing method and simple comparison method to the maximum extent. Based on the method, we can ensure the high representativeness and convenience of the large experiment. See Table 1 for our final questionnaire settings. 
Nested-logit Model
In our experiment, consumers face a two-tier choice branch. In order to keep authenticity of the result, consumers' choices should be kept independent and options will not influence each other. This is the so-called independence of irrelevant alternatives (IIA), which means that for the consumers, the probability ratio of choosing from two alternatives will not be influenced by the fixed term of the utility function. The more similarities between the characteristics of alternatives, the more likely the IIA would be unsatisfied. In our study, there are many similarities among different kinds of electric vehicles, which share little in common with the gasoline vehicle, thus failing to meet the IIA condition. Thus, we applied the nested-logit model to estimate the influential parameters in the questionnaire. See Figure 1 for the choice structure tree. Pmis the probability that the m category is chosen in level 1. According to the random utility theory, we can get:
is the utility when the nth consumer chooses the alternative "rm".
is the changing part of the utility's fixed term as a result of the combination of "rm" and "m" when consumer chooses the alternative "rm".
is the probability corresponding to
mn V is the fixed term that is irrelevant to "r" and changes with m when consumer picks the alterative "rm". 
Appendix provides the summary of the detailed data required in our study.
Survey and Data
Personal in-home surveys have been conducted in the process of data collection. The advantage of this survey method is that through the face-to-face interviews, the first-hand information can be obtained smoothly.
By means of interviewers' questions and the explanations to the interviewees, the veracity and effectiveness of the survey can be ensured. The problem with this mode of data collection, however, is that it would not be representative if the survey is limited within a small-scale range. Therefore, a reasonable sample size must be matched in this survey.
Having considered about the current transportation and economic situations in Shanghai, we took a fixed proportion in-home survey on the basis of the registered population distribution in different districts of Shanghai. Based on Shanghai Administrative Districts Handbook 2010, we adopted the PPS (probability proportional to size) sampling method to extract the neighborhoods from the registered population in 10 central districts. Forty respondents were selected in each neighborhood by the method of random start 3 . Since the outer suburbs are not the priority places and possess a fewer population, our survey focused mainly on the urban and suburban areas in Shanghai (See Table 2 ). In 3 Radom start: During the process of audit and research design, a sample will be confirmed in terms of the intersections of the ranks in the random numbers table. Table 2 Sample distribution of the in-home surveys Table 3 shows the basic information of the valid respondents (households).
It can be seen that the indexes of gender, age, education and monthly family income distribute almost evenly, which could satisfy the basic requirements of experimental studies. Figure 2 The sampled population distribution Master or above 4%
Districts Extracted neighborhoods Households
Monthly family income (RMB)
Below 1000 1%
1001-5000 21%
5001-10000 40%
10001-15000 23%
15001-20000 11%
Above 20000 5%
Statistic Results
Statistic information and classification analysis
In terms of the vehicle categories, battery swapping mode tops the choice accounting for 27.31% of all respondents, followed by slow charging & battery swapping, while gasoline vehicle comes last (Table 4) , which as a whole indicates a promising potential EV market in the future. From the information classification, we could know the tendencies of different groups. From the gender characteristics, compared with the male respondents, we find that female enjoys a higher proportion for electric vehicle.
They are more inclined to battery swapping or battery swapping & slow charging electric vehicle. Two reasons may explain the phenomenon. The first is because a higher proportion of male respondents have experienced driving gasoline vehicles, and thus will experience a higher switching cost than the female drivers. The second is that some studies have shown women are more sensitive to the environmental value and thus easier to accept green products (Diamantopoulos et al. [24] , Borchers et al. [25] , Wiser [26] ).
From the age aspect, battery swapping mode is most favorable for the interviewees aged from 18-69 (people aged below 18 and above 70 are restricted from driving according to the Chinese laws). In the group aged from 18-29, battery swapping mode is much more popular while in the group from 30-59, the portion of fast & slow charging mode rises with the increase of age.
It clearly shows that the awareness popularity and habit formation are There are two reasonable explanations for the result. First is because the sample size of master degree and above is only 213 in total and only accounts for 3.55%, which is normal for the uncommon results. The second reason is that well-educated people usually have a higher income or expected income.
They have more concerns and discretion towards the development of new vehicles, which has a lack of policy guidance. Meanwhile, the willingness of the well-educated gasoline vehicle owners to change the status quo is relatively low. The level of family income is most closely linked with consumer tendencies. In our survey, we focused on the most potential group with a monthly family income exceeding RMB10, 000. According to the data, the number of choosing gasoline vehicle is the largest; the proportion of battery swapping & slow charging mode is the highest among these three EV modes.
In terms of the general trend, the percentage of gasoline vehicle rises with the increase in family income. Objectively, strong transport property and weal personal property attribute coexist in smaller-engined electric vehicle; auto buying of the well-paid group, however, is not simply for transportation need, but much for extravagance and comfort. Furthermore, high-paid group has a higher percentage in gasoline vehicle owning, which faces an exit cost and a license fee limitation for buying a second car. In conclusion, as shown in Table 5 , the ratio of choosing electric vehicle decreases with the increase of age, education level and household income. Table 6 shows the regression result of the nested-logit model, where we can find five parameters including fuel cost, maintenance cost, mileage, slow charging time and the interaction term of slow charging time and fast charging time passed the test of significance. The negative coefficient of fuel cost indicates that the utilities of purchasing will drop with the increase of fuel cost, thus decreasing the probability of buying a car. For example, if the fuel cost of vehicles A, B and C remains the same, the rise in vehicle D's fuel cost will lead to a declining probability of vehicle D purchasing and the rising probability of vehicles A, B
and C.
The sign of coefficients of maintenance cost and charging time is similar to that of fuel cost, being negative. But compared to the fuel cost, consumers are less sensitive to the maintenance cost.
The positive coefficient of mileage means that the utilities of vehicle purchasing go up with the increase in mileage, leading to the probability rise of car buying.
The coefficient of the interaction term of slow & fast charging time is positive. Whether this reflects the reality needs further discussion. Having considered about the complication of the interaction term theory, we adopted the following equation:
From the regression result, we get and type 2 are kept the same. We then get the utilities of type 1 and type 2:
The utility difference is
According to the results of the non-interaction term, when the charging time goes up, the utility drops which means that β 1 is negative. When ab  , which means the slow charging time of type 1 is longer than that of type 2, the decreasing speed of utility 1 is slower than that of utility 2. This means the longer the slow charging time, the less consumer sensitiveness to the fast charging time and vice versa. The failure to pass the test also happens in specialized parking lots and pre-sale charging card, which means that consumers are not sensitive to this kind of public incentive policies. In addition, the failure of coefficient of charging convenience is beyond our expectation. Contrast to the relative analysis in the pre-survey, we think that it mainly results from the adjustment of the charging stations coverage (We adjusted the density extent of charging stations from 10%-50%-70% to 90%-100%-120%). The reason of the adjustment is that we found from the pre-survey that the planned infrastructure construction scale in related enterprises is much bigger than what we have expected. In our view, the reason for the insignificance of charging convenience is that it will not be a sensitive factor any more (slight fluctuations within the threshold that have little influence) if EV charging is as convenient as gasoline vehicle (in consumers' opinion).
It should be pointed out that after classifying the samples in terms of family income, the regression result shows that for the specific low income household who already had their own cars, acquisition price passed the test (nearly 5% significant and negative), and it also goes to the high income car owners (nearly 20% significant and negative), showing that consumers' insensitiveness to acquisition cost would change in certain conditions. One reason lies in that private car owners have a better understanding of performance index of the electric vehicle, which gives them a sensible awareness towards price and further explains the price insensitiveness stated above by the application of information symmetry theory. Meanwhile, the EV acquisition is either alternative or complementary for the car owners who have larger demand elasticity than the fresh car buyers. Moreover, we find the low income group is more sensitive to price compared with the high income counterpart. This is in line with the reality because high income group has a higher endurance towards price increase.
Willingness to pay (WTP)
Willingness to pay for fuel cost measures the extra fuel cost consumers would like to pay for other benefits. We could get WTP, ceteris paribus, when a utility term coefficient is divided by the fuel cost coefficient. We calculated the WTP of purchasing price, maintenance cost, mileage and charging time in different classifications, which can be found in Table 7 (the figure in the table means the fuel cost per hundred kilometers consumers would like to pay; * means insignificant). 
Conclusions and Policy Implications
With the application of the stated preference experiment and the nested-logit model, this paper studies the demand preference among different EV types of residents in large cities of China. Since Shanghai possesses a good practice foundation in demonstration application and infrastructure construction, we launched a large sampling survey in 10 central districts of
Shanghai and studied on the multiple factors that influence consumer demand behavior.
In this paper, we found that Shanghai residents prefer to choose a battery In the group classification analysis, the male, the young, the well-educated X (1|1)(k+1)n X (2|1)(k+1)n X (3|1)(k+1)n X (1|2)(k+1)n β k+1
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